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dependent on the presence of GM-CSF in a dow-re- 
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Results and Discussion 

The modified collagen exhibited simple base 
characteristics as analyzed by potentiometric titration 
With a net positive charge at neutral pH, collagen 
complexed with a synthetic polyanion to form stable 
microcapsules at physiological pH. the number 
average molecular weights of the synthetic polyanions 
were approximately one million with a polydispersity 
around 1.4. The microcapsules remained stable in 
PBS and the medium used for B16-F10 culture at 
37°C for months. Figure i shows the strength and 
flexibility of the capsule when pressed by a blunt 26 
gauge needle; the capsule returned to spherical shape 
when the needle was removed. Confocal microscopic 
analysis shows that the internal layer of the microcap- 
sules was predominantly composed of collagen. The 
diffusion experiments showed that BSA (MW=67,000) 
was completely released in 15 minutes, while less than 
10% of alcohol dehydrogenase (MW=1 50,000) was 
released in an hour. 

The melanoma cells were first cultured on culture 
plates coated with modified collagen, synthetic 
polymer, and modified collagen/synthetic polymer to 
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test their suitability as substrates. Growth of the cells 
on all the three different surfaces were slightly faster 
than TCPS control. No significant differences in terms 
of cell morphology were observed. The concentrations 
of secreted GM-CSF from the ceils cultured on all the 
Three coated surfaces were slight higher than the 
control as shown in Figure 2. These results Indicated 
that the components of the capsule wall are suitable 
substrates for thiscelftype. 

The gene transduced melanoma cells were 
encapsulated at an initial concentration of 10 4 cells/ml. 
Some of the cells spread out within 72 hours. The cells 
formed lumps inside capsules (Figure 3A). After two 
weeks of culture, the cells grew full of most of the 
capsules. Stained with fluorescein dlacetate. the cells 
from the capsule are viable (Figure 38), While our 
previous work showed that microencapsulated 
fibroblasts would contract the capsules by about 50% 
. (4), no contraction of the microcapsules was observed 
for these melanoma cells. Functional activity of the 
cells inside the capsules was clearly indicated by the 
daily production rate of GM-CSF, which increased with 
time as shown in Figure 4. We stopped functional 
study at day 12, because the cells bursted some of 
the capsules. Previous studies have identified that a 
threshold GM-CSF production rate of 36 ng/10 6 
cells/24 h is required to achieve systemic immunity in 
cancer vaccine design (1). These preliminary results 
indicate that this target is attainable with the 
encapsulated cells. 

This study demonstrates the merit of this cell en- 
capsulation system, suggests an alternative mode of 
cytokine delivery and provides basis for other cell- 
based artificial organ designs. 
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Fig. 1. A blunt 26 gauge needle pressing the capsule 
formed by complex coacervation of modified collagen 
and synthetic polyanion in PBS. The capsule was 
stained wrth brilliant blue R. 
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Fig. 2. Secretion of GM-CSF by B16-F10 melanoma 
cells cultured on different surfaces. Initial eel 
concentration: 2.3x1 0^ cell/ml. Each 4 columns from 
dark to light: control, modified collagen, synthetic 
polymer, and modified collagen/synthetic polymer. 
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Fig. 3. B16-F10 ceils encapsulated in modified 
collagen and synthetic polyanion. (A) cells grew into 
lumps one week post-encapsulation; (B) fluorescent 
photograph of cells in capsule two weeks post- 
encapsulation and stained with fluorescein diacetate, 
showing the budding of the capsule by proliferating 
cells. 
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Fig. 4. Daily production raie of GM-CSF by 
encapsulated melanoma celts. Initial cell 
concentration; 1Q 4 cells/ml. 
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